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(57) In the plate reformer, a reforming chamber (2) 
is sandwidied by combustion chambers (4) so that heat 
transfer plates (5) ^so be sandwichecl between the 
reforming chamter and the combustion chambeis. and 
these three plate-shaped components are again sand- 
wiched with fuel introducing chambers (7) with a number 
of dispersion holes (6a), forming a unHapturaGty of which 
is then vertically stacked vp to fbrm the reforma-. The 


coincide, achieving an adequate 
reformed gas at the eodl 


entrance and exit of the reforming chamber (2) and 
entrance and exit of the combustkin chamber (4), 
wherein the gas fkiws in the refonning chamber and in 
the conrixistion chamiser are opposite to each other; and 
a gas penneable partitini wall for partitioning each of the 
reforming and the comfaustian chaniiers into entrance- 
side section arvi exit-side section according to the gas 
flow, as weO as for passing gases through durnig reac- 



Rai(a) 


reforming chamber (2) ir 
a reforming reactimi sectmn (2a) which is the entrance- 
side section of the reforming chamber partitkxied by the 
partition wall (8) filled with reforming catalyst (1): and 
a heat exchange section (2b) which is the ent-SKle sec- 
tion of the partitioned refnmier and flDed with heat trans- 
fer component (10); 

while the comtnistion chamber (4) includes: 
a combustion reaction sectkui (4a) which e the witrance- 
side sectiwi of Ae combiBtion chamber partitioned by 
the partition wan (9) andfOled with combustion catalyst 
(3); and a heat exchange section (4b) which Is the exit- 
side of the partffioned combustfon chamber and filed 
with heat transfer coiTponent (1 0). 
The invention allows ttte peak focations of temperature 
(£strixition (vofl es of reformed and comtxisted gases to 
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[tesniption 

BACKGROUND OFTti^ INVENTION 

Technical Fidd 

The present invention relates to a plate rdbrmer 
used for produdng fuel gas whKh will be introduced to 
the anode (fuel electrode) of a fuel cell in a fuel cell power 
generation systnn. 

Background Art 

Among the refbrnwrs whnh reform introduced fuel 
into a hydrogen gas wHh using catalysts, plate refonners 
have coiventionany been employed as they allow size- 
reducfion and effective refcrmatlon erebiing a unifbrm 
contxjstian thromhout said contxistton chamber. 

In the prior refonners, when reforming reaction is 
peifomied using natural gasCCHt) as reforming material 
gas under the existence of stearn(H20}, the refomvng 
reaction is: 

CH4+H20-*CO + 3H2 

Carbon monoxide and hydrogen are prodieed as 
refomied gases during the reaction abova Since this 
refoming reaction 6 endolhermic it is nec^sary to sup- 
ply heat «Mch is generated in conixistion chamb^to 
reforming chamber filled with refbrnning catalyst for 
achioring the reaction, and thus plate reformers have 
been employed wherein reforming channbers and com- 
busticvi chambers are stacked up one after another. 

However, the ternpsrature experierx»d during the 
refomiing reaction infte reformer is ttigher than the tem- 
perature desiraUefor operation of molten caitxmate fuel 
ceO (eoo-esO'C) connected with the reformer, and thus 
the refbnnng material gas in the reforming chamber and 
the combustion gas in the combustion chambers nwst 
not flow in ttie same direction because if iisf (fid, the 
temperature of reformed gas at the exit would reach 
about 800°C, making direct introduction of the reformed 
gas to the fuel cell inpossUa 

Thereforeadevice has been considered wherein the 
direction of the gas flow in the reforming chambs- is 
opposHe to tfat of the gas flow in the cwriausfion cham- 
t>N so that the heat can be retrieved inside the refonner 
in order to improve heat efficiency of the refnmer. 

However, simply maldi^ the two flows opposite to 
each other as descnbed above would result In lowered 
temperature at the exit in both flows (because either gse 
of which temperature is kmw ttian ^e others inevitably 
int^eres and prererts amtherfrom achieving trigh tem- 
perature), and the too low temperature at the exit of the 
r^rming chamber would cause part of the refomied^ 
to be reoonvaled to methane due to the reverse reac- 
tion. 

Thus plate refonners wherein the combustion cham- 
bers and me reforming charrters have heat exchange 


sedions at both entrance and exit K shown in Fig. 4 (lO 
of the acconpanying drawing have been OTfdoyed. 

A plate-shaped reforming chaihber 2 fled witti 
reforming catalyst 1 and a piate«haped combus&m 

s chambo- 4 filed with combu^ton catalyst 3 sandwich a 
heat transfer plate 5 between them, constituting a unit, 
and two of these units then sandwich a plate-shaped ftiti 
introducing chamber 7 having oi b(^ sides the fuel cis- 
persion plates 6 with a nunrber of (ispeision holes which 

TO Edbwf fuel to ftow into the catalyst'flled secfion of the 
oomtustion chani)ers 4 which are postSoned to face 
each other, thus fbmning a (^ate reformer. 

Introducing air(or combusticn- support gases 
including oxygen) A to the combustion chamba' 4, the 

ts fuel F to the fud introducing chamber 7, ttomatertal gas 
NG for reforming (such ^ natural gas) and stram S to 
the reforming chamber 2, causes the ftiei Ftoflcwnto 
the combistion chambo' 4 through the dffipersion holes 
on the fuel dspersion plate 6, to be combusted by air A 

so therein. The heat generated t>y the combustion in the 
comtwstion chamber 4 is absoftied to ttie retarrrtng 
chamb^ 2^s by sf iheti^^:^^ piate 5, and 
because of the absottrad heat the material gas NG is 
then forced to react with the reformation catalyst 1 inside 

2S the reforming chamber 2. 

In the plate rdormer described above, in order to 
make heat exchange Inside ttie reformer efficient, the 
drection of the reformed gasflow in the reforming cham- 
ber 2 is made opposite to that of the combusted gas flow 

so inthecombustionchamber4.Andalsaonbothentrance 
and exit sides of the reaction section X of the reforming 
chamber 2 fiOed with the reforming catalyst 1 , as weO as 
on Ixdh sides of ttie reaction secfion X of the canftxjston 
chamber 4 filed with the ooniwstiQn catalyst 3, the heat 

.35 eoa:hangesec6onsYandZwithautcalalyst.arepravided 
respectiveiy. 

In a cnwoTtional fuel ceD power generation sy^em. 
the combustion temperature exceeds the maxinrum tem- 
perature which the combusfion catalyst can resist whei 

40 anode exhaustion gas (emitted from anode) is dlrecdy 
conft>u5te(l. Therefore, in the plate reformer shown in 
Fig. 4(a), a fuel introdudng tihantoer 7 is provided 
wherein fuel F sinaGed tiiereto Is uniformly dtepersed 
thn)i#K»Jt the combu^on chamber 4 so that unifbrm 

45 comlxBtfon throughout the oontjus&n chamber and 
thus a tenf)erature of the combusfim catalyst wt^ is 
wily sfi|^ higher than the reforming temperature 
(about aOQ'Q can be achieved. 

Howev»^, pnwicfing the heat exchange sections Y, Z 

s) U1 the entrance and exit sides of the rdtirming and the 
combustion chambws 2 & 4 iiwrease the size of the sys- 
tem due to ttie space occupied bf the heal exchange 
section Y and z shown in Fig. 4(a), causing a problem 
that the size reduction of the whole system cannot be 

55 achieved. In adcHon, since a considerable area is over- 
lapped between the reai^ section X of the reforming 
chamber 2 and the reaction eectian X of conbustion 
chamber 4, a large discrepancy appears between ttie 
locations of the peaks of thetemperature (fislribution pFo- 
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ffle II of refbrmng (*amba- 2 and the tOTperature distri- 
txjtionprDfOBl(rftheconibustk>nchant]8r4.ihusmald^ 
it difficult to maintain the maximum temperalure of the 
retoming chamber 2 at the exit as iDustrated in Fig. 4(b). 

(n adc£tion. since higher fuel utilization rate has been 
proposed recently to achieve higha- efficiency of the fuel 
ceO power genoation syston, the ooncerrtrafion of 
anode gas (fiiei gas) contained in the anode exhaustion 
emitted from the anode of the fud cdl tends to be too 
tMn to aipply energy required for refomning to thefud 
irrtrodiKir^ dentier 3 of the refotmer described above. 

In order to compensate this shortage, a device has 
been prcfx)sed in the specTicallon of the US patent 
5,208,114, wherein anode exhausfion and cathode 
exhaustion of a fuel ceD are Introduced into a catalyst 
connbustor, and then anode gas contained in the anode 
extoustion is combusted by air contained in the cathode 
exhaustion to become a gas with a high temperature 
which is sifjpfied to the plate refomner so that the sensi- 
ble heat of the hot gas can be used for increasing the 
temperature of the retormed gas at ttie exit 

HowBv^, this systan requhres a cstaly^ combustsr 
other than a reformer, making the whole system compli- 
cated. 

SUMMARY OF T HE INVEhmON 

An object of the presoit inventicsi is to rvovide a 
plate reformer which allows oontroflsbly maintaining the 
most appropriate temperature of reformed gas at the exit 
of a refbnmit^ chamber. 

Asecond object of thepresent invention isto provide 
a plate reformer whbh allows the most appnqiriate 
arrangement of reactksn secficns of reformer and com- 
txistion ctiairtjer. 

A third object of the present invention is to provide 
a plate reformer which allows efficient heat retrieval from 
gases emitted from the reaction secttons of therefbnning 
and combustion ctiantiers, 

A fourth otqect of the present inventiwi is to provkle 
a fuel ceD power generation system using a plate 
reformer with a new desiga 

According to one ^ect of the present invention, 
there is provided a plate reformer whwein a r^tanning 
chamber B sandwiched by contxBtion cheintierB so that 
heat transfa- plates also be sandwiched between the 
reforming chamber and the coirbusiion chambers. 
Hereinabove each of the reforming and combustion 
chambers has gas entrance and exit aich that gas flows 
in the rooming chamber and in the combustion cham- 
ber be opposite to each other: and a gas permeaUa par- 
tifion waD is provided for partHianing each of the 
reforming and the cmbusSon chant)er8 into entrance- 
side sectkKi and exit-side section acording to the gas 
flow, as weO as for posing gases through. 

TTie refonnng chamber includes: 
a r^rming reactkxi sedion wtvch is the 
entaance-side secfion of ttie r^onming chamber parti- 
tioied by the partitim waB fBled with relorming ca^lyst; 


and 

a teat exchang secfon wtndi is the exit-side 
secSoi of the partifioned refornier and fSled with heat 
transfer component 
5 The combustion chamber includes: 

a combu^on reaction sectiOT which is the 
entrance-sida section of the combustion chsunber parti- 
tioned tythepariition wall and filed vnthcomtwstion cat 
aly8t;and 

TO a heat exctange section which is the edt-side of 

the partitionad combustion chamber and filled witfi heat 
liansfer component 

Accorcfing to a second aspect of the present inven- 
tkxi, there is provkled a plate refonner wherein a refbmt- 

15 ing chamber is sandwiched by condwstion chambers so 
that h^transfer (dates also be sandwiched between the 
retamAig and the corrbustiQn chantias, and these 
three plate-shaped components are again sandwiched 
with fuel introducing chambers with a number of disper- 

20 sionhdes,fbmiingauniLaplui;^ofwhi(^isthenvN- 
ticaOy stacked MP forming a refonner as a whda 

Essh s! the r^aminQ and osnibs^imi dhsartaexs 
has gets oitrance and exit, such that the gas fkiws in the 
rooming chamber and in the combusliw) chamber be 

25 opposite to each other; and a gas permeatde partHkxi 
waH Is provided ftor partitioning each of the refonnbig end 
the combusfion chambers into entrance-side secfion and 
exH-sidesecfon accontir^tothegasflow, aswd asfbr 
passing ^ees through. 

30 The reforming chairlser indudes: 

a reforming reactkm sectnn which is the 
entrance-side section of the refonming chamber parti- 
ticked by the partition waD filled with reforiring catelyst: 
and 

35 a heat exchange section which is the exit-side 

section of the partitioned refonner and filled with heat 
transfer component 

The combustkin chamber Includes: 
a contxjslion reactton secfion which is ttie 
40 ^itrance-side STOtnn of the corrtbusfion chamber parfi- 
tioned by the partition wall and filed witti combustion cat- 
alyst; and 

a heat exchange sectkin which is the exit-side of 
the partifioned combustion chamber and filled wHh heat 

45 transfer component 

The reforming and the combustion chambers are 
partitioned by the partition waD respecfively. forming the 
reaction sectkm on the entrance side fiOed with the cat 
alyst and the heat exchange section on tfie exit side fined 

so Withtheheattransfercomponentineachcfamber.alow- 
ing each reaction section to be attached to the heat 
exchange secfion of its neighboring chairbers sothatthe 
peak kxsttions of temp«ature (Sstnbution profiles of ttie 
r^nned and the combusted gases cdndde with each 

55- other, resulting in an adequate temperature of the 
reformed gas at the exit 

The rooming material gas Produced into tfie reac- 
fion secfion of the refonnng chamber is heated and 
r^rmingiy reacted due to the sensiai heatpnxluced 
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by the combisted gas in the area adjacent to the heat 
exct»ng sectran of the combu^'on chamber, then th 
r^brmed gas Bonitted through the heat exchang 8ec- 
tim of the reforming diamber. During this (vocess, the 
sensible heat fnsmtti reformed gas is transferred to the s 
reaction section of the combustion channber because the 
heat exchar^e section of the reforrmig chamber is ac^ 
cent to the reaction sectiixi of the coni3iBtion idiaiil)er. 
Thus, the locations of ttie graph-peaks d refomned gas 
and combusted gas in the temp^ature distrftwtion can to 
be coincident with each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 (a) shows a sedional view of an embodi- is 
ment of a plate r^ormer of the presem invention. 

Figure 1(b) shows temperature distributian profiles 
of riming diamber (I) and connbustion chamber (II). 

Figure 2 shows a sectional view of another embod- 
iment of tie present inventioa 20 

Figure 3 schematicafly shows a fuel cell power gen- 
era^an system hjivingtha plats rsfonris- of ths pr^ertt 
invention in its ceO. 

Rgure 4<a) shows a sectional view of a prior plate 
reformer. 2S 

Rgure 4<b) shows temperature cfistribution profiles 
of a prior plate reformer. 

PESCRIPHQN QFTHE PRgFERREP 5MBQP^ 

MENTS 30 

Now, the pref^ed embodiments of the present 
invention wQI be explained witti reference to the accom- 
panying drawings. 

A prefen'edembocGment of the present invention is 35 
shown in Fig. 1 (a) and Fig.(b). A plate-shaped reforming 
chamber 2 Is sandwiched with two plate-shaped com- 
bustion chambos 4 In the way that two heat transfer 
plates 5 are also sandwiched between the plate refonna- 
and the combustion chambers, and these three plate- 40 
shaped components are again sandwiched with fuel 
introducing chambers 7 in the way that fiiel cHstnbution 
plate 6 with a number of dispersion holes 6a are sand- 
wiched between the onnponents and the fuel iirtroduc- 
ing chambers, foTning a unit The pturaGty of said unit is 45 
vertcally stacked up. Entrances ami exits of the reform- 
ing channber 2 and the combustio n chamber 4 are 
formed in each chamber so that thegas RGintherefbrm- 
ing chamber 2 flows in the opposite direction to that in 
which the combustion gas CG in the crartxj&ted cham- s) 
b»4does. 

In the reformirm chamber 2. a gas pennrable parti- 
tion wall Sis provided forming two sectiOTs therein, mak- 
ing the one on the gas-«itrance side reaction secb'oi 2a 
fflled with reforming catEdy^ while another on the gas- s 
exit ade heat exchange section 2b filed with alumina 
balls 10 as heat transfer component In the contMstiMi 
ctiamber 4, a gas permeable partition wall 9 is provided 
forming two sections, making the on on the gas- 


entraiK» skJe reaction section 4a fmed wifii the combus- 
tion calaly^ 3, whSe anottier on tti gas-exit side heat 
axchang sectkxi 4b filed with alumina tedls 10 as heat 
transfer confxment such that the partSion wall 9 be 
approximately Gned up with lh partition wall 8 of the 
reforming chamber 2. AddnionaDy, a number of dtepo-- 
sion holes 6a are pTovkled in the fud d^perston piade 6 
fecDig the futi introduong chambw 7, only in the area 
ad|ac^ to tt» readkm secten 4a of the combustoi 
chamber 4. 

Next, the functkxi of the plate reformer of ttie present 
invention wil be described. 

Introducing the reforming material gas NO and 
^eam S to the reforming chamber 2 while introducing 
air(or combustion support gas including oxygen) A to the 
comtwstion diamber 4, with forcing fuel Fto flow from 
the fuel introducing chaniier 7 into the reaction s«dion 
4a of the combustion charrber 4 through each dispersion 
hole 6a on the fuel dispersion plate 6 (as indicated by 
arrows), causes uniform combustion throughout the 
reaction sectfon 4a of the combustion ctomber 4, emit- 
ifnglhe eorrtiusted gas CXi by way of the heat exchange 
section 4h 

On the other hand, the reforming matwial gas NG 
introduced into the reaction section 2a of the reforming 
chamber 2 first absorbs the sensible heat produced by 
the comtxeted gas CG and transfened to the reaction 
section 2a of the reforming chamber 2 through a part of 
the heat traisfer plates 5 adjaceirt to the heat exchange 
section 4b of the combietion chamber 4, and then the 
gas is reformed to reformed gas RG throu^ the refor- 
mation reaction by the running catalyst 1. The resulting 
reformed gas RG is emitted throu£^ ttie heat exchange 
section 2b having alumina balls 10 as the heat transfa- 
component after penmeating the partitnn wall 8, and in 
the heat exchange section 2b the gas RG can transfer 
Hs sensUe heat to ttie reactfon sedton 4a of the cont- 
bu^kin chamber 4, because the heat eocchange sectfon 
2b is stacked to the reartion section 4a, acHewing the 
heat recovery. Ai this stEige the tempoalure of the 
reformed gas RG drops at the exit of the reforming cham- 
ber, but it is not converted to the oii^nal gas because it 
has been completely reformed by experiencing the max- 
imum tenperabire near the partition waD 8 which is the 
exit of the reactnn section 2a. 

The temperatiffe pioOe 'tn the refbming chairber 2 
and the comtxjstion chamber 4 during the reforming 
reaction shown in Rg. 1 (b) has been eKperim«itally con- 
firmed. The curve 1 shows gas temper atu re in the oonv 
bukkin chambo^ 4 whSe the curve II corresponds to gas 
tonperature in ttie returni n g chanrto 2. As obviously 
shown in Rg. 1(b), the gas in ttw refonring chamber 2 
reaches the maximum temperature near ttie partitfon 
wafl 6 between ttie reaction section 2a and the heat 
exchange % and the gas in the combustion chamber 4 
reaches ttie maximum temperature near ttie partition 
waD 9 between ttie reac^on sec^ 4a and ttie heat 
exchange section 4b. making ttie two graph-peate of ttie 
terrperBture distrflsution coinode with each oth^ . 
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In the plat reformer of the presart inventian, the 
reaction secSon 2a of the reforming dhanto& 2 and the 
ruction section 4a of the contxisiicm 4 ar an^edso 
that they should not overtap each otha, and this {vrange- 
ment alkms adjustment of length of ea(^re€u:tion sec- 5 
tion to tfie most appropriate me and also alkms 
reduction of the sydon size ffi a whde because file heat 
exchange sections are required only on the gas-exit sida 

In addition, fflOng the h^ exchange sectkHis 2b. 4b 
viriththealuminaballs10ha\ringalargeheat-transferfac- 10 
tor reduces the amount of otherarise required expensive 
reforming catalyst 1 and combustion catalyst 3. Moreo- 
ver, since Ihere is less temperature cfifference betare«i 
the hotter and cooler sides of the reaction section 4a of 
the conftustion chamber 4, the combustion catalyst 3 is 
can prolong its lifefime by achieving lower temperature 
during operatioa 

Now turning to Fig. 2 that shows aiwther embocfi- 
ment of this present invention and comprises the similar 
compc»ients to tfiose in Fig. 1. An adequate number of 20 
fuel introducing tiiies 1 1 each of which has actosed front 
ende'idar.isnbsrsfsSspeTsisnhoies itaori'iawsSBi& 
inserfingly positioned inside the reacfion section 4a of 
the combustion chamber 4 so that the fuel F fed into the 
fuellntrodudngtubesll canbedispersedlyinttoduced 2s 
into the reaction section 4a of the combustion chamber 
4 through the indivMual cGspersion holes 1 la. instead of 
having the multjple-layered anangement of the fuel Intro- 
dudng chamber 7 with the fud dispersion plate 6 
between the combustion chambers 4. 30 

In the embocfiment shown in Rg. 2, the fuel supply 
t±)e 11 Is equivalan to the fuel introducing chambo' 7 
in Rg. 1, thus, a more reduced-sized design with less 
thickness of the whole sydem can be provided by Insert- 
ingthefuel introducing tube 11 intothe reaction section as 
4a of the combustion chamber 4. 

Next, a fuel cell power generation system having the 
plate refonner of the present inventiwi in its cell wOl be 
explained in F^. 3. 

Fig. 3 shows a fuel ceO 40, wherein molten carbon- 40 
ate fuel ceO 41 has anode electrode, cathode electrode 
and electrolyte plate sandwiched between the two elec- 
trodes, and cathode chamber 42 Is fomwd on the cath- 
ode 41c sideoftite moltai carbonate fuel 41 wNle 
anode cframber 43 is formed on anode 41a side of the 4S 
fuel 41. The fuel ceil arrangemoit 41 is depicted in 
an iDustratlve manner, but actually includes a plurality of 
fuel cells 41 stacked via separator plates (not shown). 
The separator plates form anode gas passages and 
cathode gas passages, and anode gas from the anode so 
diamber 43 and cathode qhs from the catftode chamber 
42 are respective fed to the erode 41 a and the cattrade 
41 c throu^ the respective passages. 

The reformer 44 of the preserrt invention described 
atxive include the reforming chamber 45. the combus- £5 
tioncffflmber46,fuel introdinng chamber 47 whidi are 
closely stacked one after another, and the reformirH) 
chamber 45 and the combusfion chamber 46 are parti- 


tioned into the reajcSm sections 45a. 46a and the heat 
exchange sections 4Sb, 46b^ respectivdy. 

An air feed ine48 is connected to an entrance of 
the cathode chamber 42, and a blower 49 and an air pre- 
heater SO are connected to the air feed line 48. A cathode 
exhaust gas fine 51 is connected to the exit of the cath- 
ode chamber 42, and the reactiwi section 46a of the 
combustion chamber of the plate reformer 44 is con- 
nected of the cathode exhaust gas Ine 51. A cathode 
exhaust gas redrcuialiai line 52 stems from ttie One 51 , 
wherein the redrculat'on One 52 Indules a blower 53 and 
introduces the cathode exhaust gas back to the cathode 
chamber 42. A cathode exhaust gas utilization Gne 54 tor 
feeding the cathode exhaust gas to the air preheater 50 
Is also connected to the cathode exhaust gas redreula- 
1k)nline52. 

The entrance of the anode charrriier 43 and the heat 
exchange section 45b of 1he refonning channber of the 
reformer 44 are connected with each other by the anode 
gas feed Gne 55. Natural gas and steam are st^apGed as 
the refonning material to the reaction section 45a of the 
rdbrning (^lanfoer of 4ie reftnmer 44. The feed Bne 56 
for the natural gas NG merges with the steam feel One 
57, and the refonning material which includes natural 
gas and steam is sundied to the reaction section 45a of 
the reionrang chamber through the line 58. A heat 
exchange 59 Is provided on the line 58 ami the anode 
gas feed One 55. The heat exchanger 59 is used for the 
heat exchange between the reforming materiaJ and the 
reformed gas. 

The exit of the anode chamber 43 is connected with 
the fuel introducing chamber 47 of the reformer 44 via 
the anode exhaust gas line 60. 

The heat exchange section 46b of the combustion 
chamber 46 of the refonner 44 is connected with the 
exhausts gas line 62 to which a gnxj|> of various heat 
exchangers 63 and a gas-liquid separator 64 are con- 
nected, respectively. Water separated In the gas-liquid 
separator 64 is dehydrated by line 65, and the gases con- 
taining CO2 are led by a line 66 to ttie air feed ine 48 
which is tocated on Sra inlet side of ttie blower 49 so that 
CO2 is fod to the cathode chamber 42 with the air. 

The steam Bne 57 extends in a manner such that the 
water flows through the heat exchangers 63a and 63b of 
the above-mentioned group of heat exdiangeis 63. 
Accordingly, the water is heated to vapor or steam of a 
predetennined tenperature before nterging with the nat- 
ural gas line 56. 

In ttte foregoing descriptioa tiie air and CO2 from 
the air One 48 and the cathode exhaust gas from the cath- 
ode exhaust gas redrculation line 52 are fed to the cath- 
ode chamber 42 of the fuel ceO anangement 40 whereas 
the anode gas (H2, CO. CO2. HjO and others), which is 
the reformed gas reformed in the rdbmnir^ chamber 45 
of the refonner 44, is fed to the anode chamber 43 
through the line 55 so that the reaction of tte anode gas 
and the cathode gas takes piaceinlheceD 41 to generate 
electricity. 
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Exhaust gases front the cathode chamber 42 and 
the anode channber 4S are respectivdy introduced to the 
reaction section 46a of the contxjslion chamber and the 
fuel irrtroduang channber 47 via the lines 51 and 60, and 
the anode exhaust gas introduced into th oonnbustion g 
chamber 47 flotvs into Sie reaction secfion 46a of the 
connbustion chamber savi tha&n the unreacted contius- 
tUe (»mpon»its amoig the anode exhaust gas are 
combusted with the unreacted oxygen armng \he caOi- 
ode exhaust gas. By feeding the cathode exfiaust gas w 
and the anode exhaist gas into the reaction section 46a 
of the oornbu^ion chanii^ and the fuel introducing 
(Clamber 47, the cathode chamber 42 and the anode 
chamba- 43 become equal to each other h pressure, 
malong differentiai pressure control between the cattv is 
ode electrede and the anode electrode agntficantty rasy. 

The exhaust gas from the heat exhaust secUon 46b 
of the combustion chamber of the reformer 44 is then 
introduced to the heat exchangers 63a and 63b tfiroi^ 
theexhaustgasBne62.The6xh£UJStgasisusedtogen- so 
erate steam in the heat scchanger 63a and used to fur- 
ther heat the steam in the heat exchanger 63b. 

The power geneialian allows increasing fuel utSiza- 
tibn rate as well as achieving high reforming rate. 

In addition, though air A is irrtroduced into ttiereac- 25 
tion section 4a of the combiBtionchamba- 4 with fuel F 
flowing into the reaction secb'on 4a through thedispersed 
holes on the fuel tntnxlucing chamber 7 or the fuel intro- 
ducing tube 11 in each entxxliment above, fuel F may 
be introduced into the reactensecGon 4a of the combus- so 
tion chamber 4 with air Aflowing bito the reacticm section 
4a through the air introducing chamber or tube provided 
for the purposa In the embodiment shcMvn in Rg. 2, the 
fuel introducing tube 1 1 may have a box-shaped cross 
section as well as a circle-6f»ped one which is nonnaOy ss 
used. It goes without saying that a variety of changes 
may be allowed within the gist of the present invention. 

As described above, the (date retomner of the 
present Invention indudes: 

the reforming chamt)er having the reaction sec- « 
tion faied with the reforming catalyst partitioned the 
partition wall from the heat exchange section fiDed with 
the alumina baDs; and 

the combustion chamber having the reactkm sec- 
tion filled with the combustion catalyst partitioned by the is 
partition waD from the heat exchange section filled with 
the alumina bate. 

Heranabove the reforming chamber is sandwiched 
with the ccmbustiui chambers in the way that the heat 
tiansfer plates are also sandwiched betwem the reform- S) 
ing and the oonnbustion (^lambos, and the partition walls 
of the reftmring and the combustion chambers shouM 
be appraximateiy lined up^ causing ttie reaction sectton 
of the reforming chamber and the heat exchange section 
of the combustton chant)er to be attached with each s 
oth». and ttie heat exchange section of tiie reformer and 
the reaction section of the combustion ciiaiitier to be 
attached wHh each oiher as well Gases flow from ttie 
reaction section to the heat exchange section in txtti 


reformbig arul combustion chambers, and to the ccvn- 
bu^on ctemfaer the fud introducing diamber titat dis- 
pereedly introduces fu^ or air to the combu^on 
chamber is attached. Thus, tiie plate reformer donon- 
sirates ttie exceOent effects suOi as; 

eiabrmg the reforming material gas introduced to 
the reaction section of the reforming channb« to be 
heated by the sensible h^ of the con^lKjstion gas trans- 
fenred from ^e acQacent heat exchar^e section of the 
combustion chamber, as well as enabOng the salable 
heat of ttie reformed gas which moved to the heat 
exchange section of ttie reforming chamber to tie trans- 
fen'ed to tfie reaction sectkm of ttie combustion chamber; 

ttius making ttie locatkm of the graph-peaks of ttie 
refomnd gas and the combusted gEffi In ttieir tempera- 
ture cDstributton coincident witti each ottier without using 
a large amount of e)q)«isive catalysts; and 

»^ievingttiefurttier reduction of size of ttie whole 
system witti less ttiickness by inserting ttie fuel or air 
intiixlucing lube into ttie reaction seqtion of ttie connbus- 
tion chamber. 

Claims 

1. A plate reformer wherein a reforming chamber (2) is 
sandwiched by combustion chambers (4) so ttiat 
heat transfer piates ^ also be sandwiched between 
the reforming chamber and the comlxjstion cham- 
bets, each of ttie refbmiing and cwitustion cham- 
bers having gas oitrance and exit, such ttiat gas 
fknvs in the reforming chamber and in ttie combus- 
tion chamber are opposite to each ottier, and a gas 
pemneaUe partition waO is provided lor partitioning 
each of ttie refonning and the combustion chaniiers 
into entiance-side secticm and exit-side section 
acccxding to ttie gas flow, as well as for pcssing 
gases ttirough, 

wherein the reforming chamber (2) indudes: 
a reforming reaction section (2a) whk:h is ttie 
entrance-side section of the reforming charriser par- 
titioned by the partition waB (8) fBIed witti refdninng 
catalyst (1): 
and 

a heat exchange section (2b) whKh is ttie exit-side 

section of ttie partitioned reformer and fBled witti 

heat transfer conpo n ent (10); 

while ttie combustion charrber (4) includes: 

a combustion reaction section (4^ wtiich is ttie 

entrance-side section of ttie combu^on chamber 

partitioned by ttie partition wall (9) and filled witti 

combu^on caialyd 0); and 

a heat exchange section (4b) which is ttie exit-side 

of the partitioned combustion chantier and filed 

witti heattransfw component (10). 

2. Ihe plate reformer of daim l.who^ combustion 
air (fi) and fuel (F) are introduced into ttie reaction 
section (4^ of the combustion chamber. 
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3. The plate rdbrrner of daim 1 or 2, wheran a fuel 
introdudr^ pp (1 1) with dspeisian holes (1 1a) m 
its wall Is inserted into the combustiai channba' (4). 

4. The pktte refonner of any one of daims 1 to 3, s 
vAterein the h^ transfef component for fiOing tx^ 
heat eocchar^ sections (2), 4b) witti indudee alu- 
mina baDs (10). 

5. Aplatere{onnerwhereinarefbnTingchamber(2)is to 
sandwiched by cominstion chambers (4) so that 
heat transfer p^tes (5) also be sandwiched between 

the reforrrung ctiamber and the combustion Owan- 
bers, and these three plate-shaped components 
again being sandwiched withfuelintrodudng Cham- is 
bers (7) with a number of dispersion holes (6a). 
tonrting a unit a pluraliiy of which is then verticalV 
stacked up to form a plate reformer, arxl herein- 
above each of the reforming and combustion cham- 
b&s having gas entrance and exit arranged so that 20 
gas flows in the reforming chamba' and in the com- 
txBtion chamber be apposite to each other, and a 
gas permeable partition wall is provided for partition- 
ing each of the reforming and the comixistion cham- 
bers into entrance-side section and exit-side section 25 
according to the gas ffow, as weO as for passing 
gases through. 

wherein the reforming chamber (2) indudes: 
a refonning reaction section (2a) which is the 
entrance-side secSon of the reforming chamber par- ao 
tita'cned by the partition wall (8) filled with refonning 
catalyst (1); and 

a heat exchange section (2b) which is the exit-skle 
section of the partitioned reformer and filed with alu- 
mina balls (10); 3S 
while ttie combu^cm chamber (4) indudes: 
a combustion reaction sectiwi (4a) which is the 
artrance-side section of the combustion chamber 
partitioned by the partition wall (9) and filled with 
combistion catalyst (3): and 4o 
a h&t exchange sectfon (4b) which is the exit-stde 
of ttie partitioned combustion chamber cuid filed 
with alumina baDs (10). 

6. Theplatereformerofdaim5.wheranthe(fepersion 46 
holes (6a) on cGspersim plate (6) of ttw fud intro- 
ducing chamber (7) are fnmed so that ttiey be open 

to the reaction section (4a) of the acQacent combus- 
tfon chamber. 

so 

7. The plate reformer of daim 5 or 6. wherein entrance 
of ttia fuel introdudng chafTt>er (7) is itesqined so 
ttiat flow direction in ttie fud trrtroductng chamber be 
the same as flow dir»:tion of air (A) supplied from 
entranceof the adjacoit combustion chambertothe 55 
reaction section (4^0 th&eol 

8. TTie plate r^rmer of any one of the foregoing 
daims, wheran the partition walls (8, 9) of the 


reforming and th comtnisticxi chamtiers are 
appnsdmateiy lined 14) when the chaniieis are ver- 
ficaDy 6lad«d up. 

9. The piste reformer of any one of tfie tbregdng 
daims, wherein the partition wal (8) of the reforming 
chambw (2) is presided so that gas flow path of the 
reaction section (2a) of tiie refbmning channt>» on 
ttie entrance side be tonger than that of the heat 
exchange section (2b) on the exit side thereof, while 
ttie partition wall (9) of the comfcaslfon chamber (4) 
e provkied so that the gas flow (»ih of the reason 
section (4a) of the combustion chamber on the 
entrance side be shorter ttian that of the heat 
exchange section (4b) on the eidt side thereol 

ia A molten caitxmate power generation system hav- 
ing: 

a molten caitionate fuel ceO (41) wherein a plurality 
of ceD units are stacked ip wnlh separators be^een 
each unit and ttie separator defines anode and cath- 
ode diambers (43, 42); and 
a refonner hawing reft»niffig (45) {ac 2), orarbus^ 
(46) (or 4) and fuel introdudng (47) (or 7) chambers 
stacked up one after another; 
and &ie molten cartionate power generation system 
characterized in that it comprises: 
a refonner (44) wherein the reforming (45) and ttie 
ooiiibustion (46) chamtjers are partitimed into tiwo 
sections and gas-entrance and gas -exit are formed 
respectively according to gas flows which are oppo- 
site to each other In ttie two chambers, and the gas- 
entiancB-skte sectfon of ttie refonrang chairber (45) 
is filed witti rdbrming cala^ (1) and ttiat of ttie 
combustion chambo' (46) is fifled with coirbustion 
catalyst (3) to form reactiwi sections (45a. 46a), 
while ttie gas-exit-side sections of ttie reforming and 
Via combustk»i chambers are fDled with heat trans- 
fer component (10) to form heat exchange sections 
(45b. 4€b) and fiiel (F) introduced into a fuel intro- 
dudng chamber (7) is then introduced into the reac- 
tion section (46a) of the comtxistion diamber; 
material gas sippiying means (58) for supplyfaig 
rrettfial gas to be reformed to ttie reaction section 
(45a) of the refoming diamber; 
anode exhaust gas Bne (60) for connecting ttie 
anode chamber (43) of ttie fud ceo and the fuel intno- 
diKing diamber (47) and sipfdying anode eidiaust 
gas to the fuel introduce chamber: 
caUmde exfiaust gas One (51) (br connecting the 
caOiode diamber (42) of the fuel cdl and ttie reac- 
tion section (46a) of ttie oonfoustion chamber and 
stpplying cattiode exhujst gas to ttie reaction sec- 
lion of ttie comtxistkxi ctiamber; and 
anode gas teed line (55) for connecting the heat 
exchange section (45b) of the reforrrang chanfoer 
and ttie anode chamber (43) of ttie fuel eel (41) as 
well as SLpplying reformed gas to ttie anode Cham- 
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11. The molten caitxsnate power generatian sy^em of 
daim 10. vAxeswi the refoming ctiantier (45) (or 2) 
is sandwiched by the combustkxi chambers (46) (or 
4) and the three chambers are then sandvviched by 
the fuel introducing chambes (47) (or 7) fbnning a s 
unit, a plurality of which are stacked up to form the 
molten caibonatB power genoation systenx 


12. The molten carborate power generation systsn of 
daim 11, wherein the cathode exhaust gfis emitted to 
from the cattoie chamber (42) is redrcuiated to the 
cathode chant)er t>y a Uower (49) and thai part of 
the cathode exhaust gas is intioduced to the reac- 
tion section (46a) of the combustion chamber. 

IS 

13. The ^el cell power goierafion system of dalm 10, 
11 or 12 wherein heat exchange is peribrmed 
belween the matwial gas to be reformed which is 
supplied from the material gas supplying means (58) 

to the reaction section (45a) of the running Cham- zo 
ber and the refonned gas which is supplied from the 
reforming chamber (45) to the anode channbo' (43). 


IS 


so 
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